Introduction
The 60 kD Ro (SSA) autoantigen is one of the primary targets in a number of autoimmune disorders. Anti-60 kD Ro autoantibodies are commonly associated with systemic lupus erythematosus (SLE), Sjö gren's syndrome and neonatal lupus (reviewed in Sibilia 1 ). Autoantibodies binding 60 kD Ro play a pathogenic role in a variety of clinical manifestations, including skin lesions and complete congenital heart block. Autoantibodies binding 60 kD Ro recognize a ribonucleoprotein complex composed of at least a small single-stranded RNA (one of two Y RNAs in the mouse) and a polypeptide. The La protein (SS-B) and perhaps 52 kD Ro polypeptide are associated with this complex. 60 kD Ro polypeptide is expressed in a wide variety of tissues and has been localized to both the nucleus and cytoplasm. 2 Animal models of autoimmunity often provide important insights into the mechanisms of pathogenesis. Autoantibodies binding 60 kD Ro have been reported in MRL lpr/lpr mice, 3 bacterial DNA immunized mice, 4 antiidiotype induced experimental SLE, non-obese diabetic mice 5 and, most recently, in rabbits immunized with peptides from 60 kD Ro. As in human disease, the mechanism by which anti-60 kD Ro autoantibodies are generated in these murine models is not known. Experiments showing that there is inter-and intra-molecular epitope spreading after immunization with peptides of 60 kD Ro or recombinant protein are among the evidence suggesting that the immune response in these disorders is antigen driven. 6, 7 A number of possible functions for the 60 kD Ro ribonucleoprotein have been identified. The absence of a unifying principle have led most scholars of this area to suspect that the physiologic role has yet to be established. The human [5] [6] [7] murine, 8 Xenopus 9 and C. elegans 10 60 kD Ro amino acid sequences have been determined and are highly conserved between species. The presence of RNA binding consensus sequences have led some to suspect that 60 kD Ro may function in RNA processing. The 60 kD Ro plays a role in a discard pathway for mutant 5S rRNA precursors in Xenopus oocytes. 11 Recently, homology between human 60 kD Ro and the Tetrahymena p80 subunit of telomerase has been identified. 12 Anti-60 kD Ro autoantibodies immunoprecipitate telomerase activity and that these antibodies cross-reacted with both 60 kD Ro and p80.
As a step towards a more fundamental genetic analysis of 60 kD Ro, we have cloned the genomic DNA encoding the entire murine 60 kD Ro gene. This gene is approximately 23 kb long and is organized into 8 or 9 exons and 7 or 8 introns. All but the first exon contains protein coding sequence. B1 repetitive sequences (human Alu homologs) were found throughout the gene. Southern blot analysis of a (C57BL/6J × SPRET/Ei)F1 × SPRET/Ei mouse interspecific backcross DNA panel was used to confirm the localization of the 60 kD Ro gene to cM position 78.7 on mouse chromosome 1 which is syntenic to human 1q31.
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Results
Isolation of the murine 60 kD Ro gene
Mouse 60 kD Ro genomic clones were isolated by screening a 129SVJ genomic DNA library in the FixII vector with a mouse 60 kD Ro expressed sequence tag (EST) cDNA (GenBank accession No. AF042139). Three overlapping 60 kD Ro clones were isolated and characterized ( Figure 1 ). The entire nucleotide sequence of the 16.2 kb 60 kdRo-2 phage clone was determined. Only the 5Ј and 3Ј ends of the 60 kdRo-1 and -3 page clones were sequenced. The murine 60 kD Ro gene was sequenced on both strands. Junctions at all restriction enzyme sites used to generate subclones were verified by sequencing overlapping clones.
Structure of the murine 60 kD Ro gene
The exon-intron structure of the 60 kD Ro gene was determined by sequencing the genomic clones and comparison to the sequence of the murine 60 kD Ro EST clone and the recently published cDNA sequence. 8 The structural organization of the murine 60 kD Ro gene derived from this analysis is depicted in Figure 1 . The gene spans approximately 23 kb. Based on the previously described 60 kd Ro cDNA, the gene consists of 9 exons and 8 introns. However, we did not detect exon 1 sequence in our attempts to map the 5Ј end of the 60 kD Ro message, but have included this exon in our discussion in order to reduce confusion. The exon sizes range from 58 nt (exon 1) to 2331 nt (exon 9), whereas introns range in size from 203 nt (intron 4) to 5829 nt (intron 1). The sequences of the exon-intron junctions are shown in Table 1 ; all the splice-junctions conform to the GT-AG rule. 15 In our analysis the entire exon 1 sequence and the first 21 nt of exon 2 (from the previously published sequence 8 ) encode the 5Ј untranslated region of the mRNA, whereas the last 2172 nt of exon 9 encode the stop codon and the 3Ј untranslated region of the message.
Previously, Wang et al 8 used 5Ј RACE to identify the 5Ј end of the mouse heart 60 kD Ro mRNA. In this study the transcription initiation site was mapped to the first nt of exon 1 (position 1492) ( Figure 2) . We used an an- phage clones used to determine the genomic DNA sequence are shown. The numbering scheme of Wang et al 8 is used though exon 1 was not detected and the initiation site was 21 nt into exon 2 in our experiments. Asterisks denote B1 repetitive elements.
chored PCR technique to map the 60 kD Ro transcription initiation using mRNA isolated from Balb/c liver and kidney (data not shown). Six liver and eight kidney cDNA clones were amplified and sequenced. All of the cDNA clones isolated started 6-8 bp downstream of the beginning of exon 2 (position 7384-7386), thereby being a major difference between our work and that of previous investigators. 8 We were also unable to amplify 60 kD Ro using a primer corresponding to exon 1 (5Ј TTCCTGGT GCGACGCAGGCTTTCT 3Ј) and an exon 2 downstream primer (5Ј cctttttcattgtaccagtc 3Ј) using the liver and kidney cDNA. We thereby confirmed that these sequences were not in any of the 60 kD Ro clones that we isolated. While our different results may have a number of explanations, the possibility that 60 kD Ro may utilize alternative transcription initiation sites in a tissue specific manner would reconcile the differences between our results and those of Wang et al. 8 Wang and Chan 16 showed that 17-␤-estradiol increased the level of 60 kD Ro gene expression in human keratinocytes. An examination of the 5Ј end of the 60 kD Ro gene revealed the presence of 10 putative estrogen receptor elements (Table 2) . At this time however, it has not been established whether these sequences are involved the regulation of the 60 kD Ro gene. Interestingly, the role of estrogen in 60 kD Ro gene regulation may be clinically important, since anti-60 kD Ro associated autoimmune disorders appear to be antigen driven and are predominately found in women.
Recently, a subclass of the human Alu DNA family of repeats have been shown to function as estrogen receptor-dependent enhancers. 17 An examination of the 60 kD Ro gene reveals the presence of 17 B1 or B1 like repeat sequences which are homologous to human Alu repeat units. Curiously, there appears to have been a recent explosion in the number of human Y RNA pseudogenes and that some of these human Y RNA pseudogenes have been documented to be adjacent to Alu sequences.
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Chromosomal localization
The chromosomal assignment of the murine 60 kD Ro gene was mapped using a (C57BL/6J × SPRET/Ei)F1 × Figure 2 Sequence of the murine 5Ј flanking sequence that potentially includes the promoter region of the gene. Exons 1 and 2 are shown in bold upper case letters. Assignment of exon 1 is based on the work of Wang et al. 8 Putative transcription initiation sites are indicated by arrows. Putative binding sites for the transcription factor Sp1, TATA-boxes and estrogen receptor elements (ERE) are underlined. This nucleotide sequence has been deposited in GenBank under Accession No. AF065398. 19 MspI polymorphic bands of 4.3 kb and 4.0 kb in C57BL/6J and 5.2 kb and 1.8 kb in Mus spretus, which hybridize to a 60 kD Ro probe, was typed against the entire BSS panel, including 92 N2 (F 1 × parent) animals. The simple hybridization pattern generated using the full length 60 kD Ro probe suggests that the gene is a single copy in the genome (Figure 3 ). The 60 kD Ro polymorphism was compared to more than 450 loci previously localized on the BSS panel. The 60 kD Ro gene was mapped to chromosome 1 (cM position 78.7) near the ribosomal protein L7 related sequence 9 gene (Rpl17-9), 20 resistance to mousepox 4 gene (Rmp4), 21 the endogenous ecotropic MuL V 38 gene (Emv 38) 22 and seizure susceptibility 1 gene (Szs1). 23 This region is syntenic to human chromosome 1q31 where the human 60 kD Ro gene has been mapped 24 and is in confirmation of a previous localization of mouse 60 kD Ro. 13, 14 Three murine lupus susceptibility loci have been mapped to chromosome 1. The locus closest to the 60 kD Ro gene is the systemic lupus erythmatosus susceptibility 1 locus (Sle1) at cM position 88.0. 25 The Lbw7 (lupus NZB × NZW7) locus is at cM position 90.0. 26 The lupus associated arthritis quantitative trait locus 1 (Laq1) has been mapped to chromosome 1.
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Discussion
We have determined the genomic structure and chromosomal localization of the murine 60 kD Ro gene. While the cDNA sequence of 60 kD Ro has been determined from a number of species this is the first report of the genomic sequence for this protein. The gene is approximately 23 kb in length. Depending upon whether our analysis of the gene or that performed by Wang et al 8 is correct the gene consists of 8 or 9 exons and 7 or 8 introns. (Of course, both may be valid for the different situations in which the experiments were performed.)
Previously, the murine 60 kD Ro gene was mapped to chromosome 1 cM position 45-47 13 and cM position 58.5.
14 These positions are between 20 to 33 cM nearer the centromere than our placement at position 78.7. However, the previous assignments were based on the distance from the proximal markers Col3a1 13 and Col9a-1, 14 which were given the cM position 0.0. According to the current release of the Mouse Genome Database 28 the position of Col3al is 21.1 cM and 15.0 cM for Col9a1. Using these new positions as the reference points the previous assignments would be at 66.1-68.1 and 73.5 cM respectively, which is consistent with our localization at position 78.7 cM using a different back cross panel.
The genomic information obtained in this study will serve as a basis to validate the use of murine models of autoimmune disease to study the development and progression of an anti-Ro immune response. This information may also prove valuable in examining the functions and structure of 60 kD Ro, because exons sometimes encode discrete functional and structural domains. The determination of the 60 kD Ro is also an essential step towards the disruption of the gene in mice, a manipulation that may lead to a better understanding of the role of 60 kD Ro in eliciting an autoimmune response.
Materials and methods
Genomic DNA cloning
A mouse 129SVJ genomic library in the FixII vector (Stratagene, La, Jolla, CA, USA) was screened with a [ 32 P]-labelled mouse 60 kD Ro EST cDNA (GenBank No. AF042139). Three positive clones were isolated out of 1 million plaque-forming units of phage screened. The phage clones were amplified and purified by standard methods. The inserts were subcloned into pBluescript II SK+ (Stratagene) using various restriction enzymes. The 60 kD Ro subclones were sequenced on a Li-Cor 4200 automated DNA sequencing system following manufacturer's recommendations (Lincoln, NE, USA). Sequencing reactions were performed using Long Range thermocyling kits with end-labeled M13 forward and M13 reverse universal primers (Epicentre, Madison, WI, USA).
Characterization of transcription initiation site. An anchored polymerase chain reaction (PCR) was performed as previously described. 29 Briefly, liver and kidney poly (A) + RNA was isolated from Balb/c mice using standard procedures. Single strand cDNA was synthesized using Maloney murine leukemia virus reverse transcriptase (Promega, Madison, WI, USA). A 5Ј poly(G) tail was added using 10 units of terminal deoxynucleotidyl transferase/100 ng poly (A) + RNA and 2 mm dGTP. The first round of PCR was performed using a 5Ј-GATAT(C) 18 -3Ј primer and 5Ј cctttttcattgtaccagtc 3Ј 60 kD Ro primer. The first round PCR reaction was re-amplified using the 5Ј-GATAT(C) 18 -3Ј primer and an internal 60 kD Ro primer. 5Ј accccacatgccacacttcat 3Ј. Each amplification consisted of 35 rounds at 94°C for 1 min 55°C for 2 min and 74°C for 3 min. The PCR product was cloned into the pCR2.1 vector (Invitrogen, Carlsbad, CA, USA) and sequenced as described above.
Chromosomal localization
The chromosome localization of the mouse 60 kD Ro gene was determined by analysis of the (C57BL/6J × SPRET/Ei)F1 × SPRET/Ei mouse interspecific backcross DNA panel from the Jackson Labs (Bar Harbor, Maine, USA). A full-length [ 32 P] labeled mouse 60 kD Ro cDNA was used to probe Southern blots of MspI digested genomic DNA. Hybridizations were in 6XSSPE, 0.5% SDS, 5 X Denhardt's solution and 0.1 mg/ml yeast tRNA overnight at 65°C. Washes were in 2 X SSPE and 0.1% SDS at 65°C for 30 min. Blots were exposed to Fuji A/FRX X-ray film with intensifying screens at −80°C for 
Computer analysis
Computer analysis was performed using the University of Wisconsin Genetics Computer Group (GCG) software package on a Vax mainframe computer. Blast sequence similarity searches were performed on the National Center for Biotechnology Information web page http://www.ncbi.nlm.nib.gov
